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a eel) surface component of melanoma celts. 
2. Background of the invention 

virusesexpres iantigens encoded by the viral genome, and that immunization with ' ,hes " ntl 9 e "*""'"° 

was donewith laboratory strainsof vi.rus.such asSV40. polyomas, and F ™<^ 0 ^-^^ 
murineleukemiaviruses.horizontalandver.icaltransm.ss.on^ 
10 demonstrated; indeedacommercialvaccineagainstvirus-inducedfelineleukemiaandsarcomaisnow 

a "yfola S ,.avira.e.io,o gY ofmos,humancancerbasno.beendemons.ra^ 
hepatitisvirus(hepa.oma).heTpessimpi e xvi™s(cervicalcarc,noma.andE 

(nasopharyngeal carcinoma). However, during the past two decades '« h ** b ^"^ 
15 humantumorcellsex P resstumorantigens,,:e,antigensthatd,^ 

cellular counterparts; some patients mount cell-mediated or humoral immune £^^g££, u 
antigenslHellstrom et al. 1968. Nature. 220:1352; Morton et a 1. 1968. Science 162 ]^ a " t ' 
197l.J.Ex P .Med.144 : 873-881(.Someofthetargetsofthese,mmunerespon^^^^^ 

diffe entation antigens encoded by the human genome (Hel.strom etaU970 l^ 
20 Until recentlythemolecularnatureofthetumorantigenswasunkno^ 

25 be effective in killing tumor cells in vitro, the immune response of the samecancer patient 

'^introduction by KohlerandMilsteinofthemonoclona^ 
ledtointensifiedsearchesforhuman tumor antigens, s^ 

both at the molecular level and with respect lo specificity (Hellstrom and Br °*V^- '" ' ' ™ " ■ d 



40 tU r« than half of the tumor-associated cell surface antigens so far identified are proteins or glycoproteins 
encoded 

be^ glycolipids, retiming from abnormal expression or regu.at.on of glyosyl transferases. 



45 2.2. Me/anomaas S ociatedp97^ 
Thep97ant.gen.satu^ 

Acad. Sc.. "^"'fJ^Ji^^^iyww, regard to its expression in normal and neoplastic tissues, and .s 
ant.gen has been stud,e ^" S ' V /'; nd jn ce 9 rtain feta , tissue s, but is found in only trace amounts tn normal 

60 fnT j C^cer SS-^ 

iro^o"^^^. Nature ^ 
hybrid,^ 

65 sSS=2STS3ft3SS^ 
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SPECIFICATION 

Vaccines against melanoma 5 

5 
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5.I .2I Identification, Cloning and Sequencing of DNA Coding for the Melanoma Associated p97 

20 Antlg 5 n 2^^ 20 
lmmu "°9 e ^ nof 97Re | ated peptidesbyEx P re S sionVector.HostSystems 

2 s Exp n° 3 ts^^ * 25 

5.4. Immunological Characterization of P 97 Related Peptides ~Z!ZZ!ZZZZ«'." 

5.5. Vaccine Formulation ." '"" 

5.5.1 Viral Vaccine Formulations ' ZZ 

5.5.2. Subunit Vaccine Formulations ZZZ. 30 

30 6. Example: Melanoma Associated p97 Antigen ZIZZZZ...:. 

6. 1. Purification of p97 mRNA _ 

6 2 Preparation and Construction of cDNA Clones 

35 ^ssa^ 

6.5. Immunization of Mice with p97 Related Peptides ZZZZZZ 

6.6. Characterization of p97 yv ..Z.!"Z...Z"Z 

6.6.1. Structure of p97 « 40 

40 6.6.2. Homology of p97 with Transferrin Z""ZZ!!I"' 

6.6.3. Function of p97 " "]"Z""Z.« 

6.6.4. Conclusion ■ 

7. Expression of Cloned p97 and Vaccine Testing "ZZZI..ZZ 

7 l.Plasmid Expression * 45 

45 7 2 Construction and Expression of Recombinant p97 Vaccinia Virus 

7 3 Recombinant p97 Vaccinia Virus is Immunogenic m Mice ...» : 

7 4 Protection and Therapy with P 97 Vaccinia Virus in a Murine Tumor Model ; 

7.5'. Recombinant p97 Vaccinia Virus is immunogenic in Macaque Monkeys 

8. Deposit of Microorganisms """" 50 

50 ThBpresen.applicat!oni S acontinua.ioninpar.ofcopendin9applicationSerialNumber827.313fited 

February?, 1986, which is hereby incorporated by reference .n its entirety. 

65 The pres ent ™™ a °" , .aire vaccinatea indi vidual. Accordingly, a peptide or protein related to a 

melanoma assoc ateo ' p , ein of the present invention can be used as an immunogen in 

chemical synthetic method^The pe^^^^^ 

SoL^olTelTgeTs'p^ 

60 associated antigen is ex y invention a!so provides for processes which include the use of 



35 



60 



65 



associated antigen such as the melanoma associated p97 antigen. According to the f^™'™^ 0 * 

acidsequencesinwhich functionally equivalent ^^^^"f^^^^^^l,, 
-.uen'ceresultinginasilen,^^^^^^^ 

glycosylated amino acid sequences, as for example, giycosy^rea * ■ h neDtidesor 

amino acid sequences, etc. or chemically mod Hed am^ 

10 proteinsof the present invention which are ' e J^ d »*^' a ~™ a "Sde? Wherethe p97 related 
unaltered, modified or unmodified, will be referred to as i^JJ^^So.^motaeuli 
peptide is a hapten {i.e., antigenic but not immunogenic) the hapten can Be con|ugaieu 

thatconfersimmunogenicity. . ra rf.,einnrecombinantDNAtechniquesa'nd/or . 

The p97 related peptides of the invemion may be produced us.ng^ 

15 chemirilsyntheticmethods.Whenp97relatedpept.desare^ 
rela.edpep'.idescancomprisethoseaminoacidsequencesderiv^ 

beantigenic(HoppandWood S ,198l,Proc.NatKAcad.Sc^^^ 

peptidesofthepresentinventionare produced byusing ^S^ionve^su*^ 
seq U encewhichen M des,hewholeor a port,onofp97^^ 

20 as a virus or a plasmid which, in an appropriate host, can dired '*"*P™*^ ° is dettoe6 from all or portionsof 
ranbe purified from the culture medium. Thenucleot.^ 
the P 97 sequence substantially as depicted inF, 9 ure3,n« 
whichfunctionallyequivalentnucleotidecodonsaresubst,«-.ed^^^ 
asilent change; inotherwords,differemcodonswh,che„code^ 

may also be used. „»,„ro\hPP*nress^nvectoris a recombinant virus, a vaccine may 

"The invention also desc r ^ 

^rodtinlt^yroS'^^ 

i^M^M have a high probabilityof recurrencedueto m.crometas.ases. 

45 mRNAimmunoprecipitatedwithanti-p97serum. f g? RNA Thearrang e mentofthecoding 

region Ifromthesignal^ 
duplicated doma.nstru^ 
enrymerecognitionsequ^ces^ 

55 were cloned in lambda L47.1. Af u. im o«nQ7nrPrursorcDNA and its deduced amino acid 

tfa^representethenudeotidesequ^ 

65 implicated in iron binding of transf erri n { Metz-Boutigue et ai., l cur. 
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2 3. Cancer vaccines *k»» immunisation with living or killed cancer 

Swdiesinexperimentalanimats.usuaUymice.^^^ 

censcanleadtoreiectionofasubsequentchallengeofvab^^ 
4.l-freema.erialhavegenera.lybeenles»^^^^^^ 

natlr^^ 
Studiesinhumansar e muchmored,ff,cult.and^ 

some reports of success. In many cases the vaccine ^f^^^^^.^^x^^^ 
m tumor cells killed by exposure to certain chemical agents. Because pure ra™ 

10 reTofbUnava^ 

• Amaiortheoreticalobjectionto hepropo eduseo^ 

■vaccinate^forexample.withkilled^^^ 
unresponsive because the tumorantigens^ 

,5 intraceamountsonly.insomenormalce^ 
ifnotaH.tumor-associatedantigensdetec^^ 
some normal tissues, and there is htteevdencethat^ 

Biomembranes.A.Nowotnyed..PlenumPress,pp.365-388,. 

2.4. Recombinant DNA techniques and va «™* fa , vaccines 10 pr0 , ec t against 

25 TheuseofrecombinantDNAtechnology^ 

infections involvesthe molecular cloning and !^' S '° n " n 3 t 7 he Ltein in the hostanimal. Recently.!, 
coding for proteins which canelicitanimmunees^ 

novel approach has °een described wh^ 
etal.J982.Proc.Natl. Acad. Sci. 79:7415-7^ 
30 Paoletti.E..1982.Proc.Natl.Ac3d.Sc,.79 4927^ 
vector to express foreign genes inserted rnto^ 

;rr g =ot^ 

Smbinestheadvantages of ^^^!SS^» of approximately 187 kilobase pairsand 
35 Vacciniaviruscontainsalineardcub^^^ 

replicates within thecytoplasm of nfectedcellsjnese^ 

syLmlincludingcappi^ 

necessaiYforvirusinfectivity.Vacciniavirustr * , b n0Stce ,| RN Apolymerase. 
initationoftranscriptionbyvaccinia^ 

40 f^pressionofforeignDNAinreco^^ 
p ro tein<odingDNAsequencesofmeforei9n^ 

constructed to insert chimeric genes into vaccin a vi ms u y p restriction 
"£iniavir U spromoterincludingthe,ran» 

endonucleasecloningsi.es located d^ 
45 DNAfragments;(c)nonessentialvacciniavirusDNAlsucna » nes sentialregionofthevir U s 

45 siteswhthdirectinsertionofthech mer^ 

oenome; and (d) a bacterial ongin of replication and » n »™°"* . , , 198 4, J. Virol. 49: 857-8641. 

fnTco^Examplesofsuchvectorsa^ 

'^acombinantvacciniavirusesareproducedb^^^ 
50 containing.he.oreigngenein^ 

55 of foreign DNA. . „„„ hB detected by enzymatic or immunological assays (for example. 

Foreigngeneexpress.on M nbede^ctedDy *y b|otting) . Nalura ily occurring membrane _ 
immunoprecipitation. >°*° m ™™°s*% [°'™£ ia infe ct edcellsareglycosylatedandmay be transported* 

60 copiesofasinglegene. 

3. s om ms/yo^'»' e "f'" K.H«,hi c hmavbeusedtoinduceanimmuneresponsethatselectively 
Vaccineformulationsaredescnbedwhichmavbe^^^ 
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nucle 0 tidesequenceencodingallorpartofp97canbeusedtoproducelargeamour^^^^^ 
immunogens in submit vaccine formulations. Purification of the p97 related peptide may be a ccomp shed 

5 In addi,ion.purincationofthe P 97 related peptidecante 
encode thep97 related peptides so thatthe sequences ~P^*.^ , ^^*Krr^&« 
membraneare removedyetthesequences responsible h'^'^^^^rh 
not removed, so that a truncated antigenic molecule is secreted mto the cu ^2^ a „ s ^,o°a 
thereof P 97 related peptides produced by prokaryotic^ 

10 modificationsmayresultinanantigenicallyinactiveproduct.wh.chmayhavetobeactivatedbyappropr.aie 

vaccine. In such casesinactivated recombinant virusvac^ 
isaninfe«iousre<»mbinantvirasesthatdoesnotcaused,seasen^ 

appropriatehost.Theinventionincludestheuseofothervirusexpress.onvectorsasvacanes.more 
M '"ereS^ 

other than vaccine production. The p97 related pept.de may be used to l ^ m ^^^^^^l 

35 Td^tiCo— ^ 

related peptides; and te) formulation of vaccines. 

5 1 Seauence analysis of the melanoma associated p97 antigen Aan :^ af i in 

9 2 L^m inn ac ^residue thus producing a silent change as well as amino acid sequences comprising all 
equivaentammoa^ 

chemical modi^ 

J u ?^ 50 
50 antigeristhatwouldbeusefulinvaccineformulations. 

■Mi Identification and characterization of the melanoma associated p97antigen aenrPQlllt . 

5.1.1. . d seaU enceof the melanoma associated p97 antigen was not known; as a result, 

Theactivity^ 

hybridomatechnique^ 
my^omrcen^ 
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ind ;^ b raSamma.ic representation of a ^vo-dimensiona. mode, of. he structure of P 97 based upon 
the presence of cysteine residues conserved between the transferrin superfam.lymembers. i nett^ee 
potential glycosylation sitesare indicated by asterisks (•). The hydrophobic membrane anchor domamis 

genomic clone lambda E7.7 used for construction of the P 97 expression vector; ™**°f™ P * 7 l mHt 

expressionvector.Thefollowingabbreviat^ 

Figure 7showsthe results of gel electrophoresis inthecharactenzation and immun0 P ur '™ a ''°?°' uprp 

10-re»mbLn,p97protein.At^^ 

labeledwith-S-cysteineinthepresence( + TMIorabsence(-TM)of '""'""VcmlTM ^ell^^eseeded 

into ,00 mm' plates and allowed to reach near confluence Medium was 'removed and \rep a »™™3™ „ 
cysteine-freeLdiumwithorwithoutadditionoflug/m,^ 

mlL-^S-cysteinedOieCipermmol; New England ^ a '^ ad i^ ,ora ' u ^ er6 ^"Z l Z^^ 
15ee.ls.prepL a .ionofce.llysates.immunoprecip^ 

were immunoprecipitated with p97-specific antibodies, and proteins were analyzed by S DS "P°'^' amloe 
g;,e.e«rophoresis(SDS-PAGE). (a). Coomassie biue stained SDS-poW 

markerslane2 immunopurifiedp97shedfromtransfectedmouseB16cells, lane3,SK-MEL^8ceiis i™ 

^ S %Xth™s\heresu..so.radioim^ 

infeLdcalls BSCcellswereinfectedovernightwithwildtypevaccin.av.rusorp97recombinantvaccinia 

wste newith orwithouttunicamycin at2ug/ml (Sigma). Thecells were lysed six hourela er. P'««^ . 
25wXLnoc!^ 

30 phosohaYe^ 

SeteFreund'sadjuvan [andboostedwithSOugaqueousprotein.VpW.sagroupoff.vemice 
Weekljinoculations by tail scarification were repeated, and mouse surwval recorded. 

^ e p resen ' ,n r e ^° n ' D s 0 d ;.^ 

40 ™l a nomas.lt,sb^^ 

IToentfe ^pg^elated peptides) are producedusing recombinant DNAtechn.quesand/orc^ 
antigen «.e., pa/. re,a, ="^ ^ . „ eDtides o(tne pres ent invention comprise amino acid sequence 

synthetictechniques.Thep^ 

45 derived from wholeor portionsof the '^^^^^^ altered by , he substitution of oneor 
moream,no«d e^ 

'"n= ll0na, ^ ul " len,t ' , ""^"„KL oftheclassto whichtheaminoacidbelongs.Forexample.the 
maybeselectedfromothermembersof he^ 

50 non P olar(hydrophob,c)am,noac,ds,nclud^ 

tryptophan, and me«h^n,neJhepo.a^ 

T?Z> ^Z^S^^m ammo acids indude apart* acid and glutamic acid. Moreover, the 
h.st.dine. The negativ rely ' ™"9™ 1 j whether or not a | te red by the substitution of amino acid 
P 97 related pepudes of the present ^ e ""°"' e Z l aivcosyiation. phosphorylation, etc. or by chemical 

immune response directed *9™™ invention, recombinant DNA techniques are used to insert 

Accordingtooneembo^ 

nucleotidesequences^ 
60 P 97 related pep.^ 
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. Amoreseriousprob.emisthatmatu^^^^ 

modification*™* problem is particulartyacutefor a» "?*JJ^^^% ndftwln ^ 0 fd H «W^^ 

sivelybyremovalofthesignalpeptidesadd,^^ 

bridges.lfapolyclonalan«iserumisusedforpolyso^ 

5 be Jeen nascent chainsand .he imature pro.e, ^ZT^^!Z^^orcom^aen a t W ed 
rabbi! or other animal is exposed not only to (he natwe protenM^ 

forms,pa rt icularlyi.F,e U nd-sadmvanthasb^ 
tionoftheantibody population there ^VStiHbeenoug^ 
preparationofapolyclonalant,semmtoalo«^ 

io xSeSS^ 

'"^rontothe^ 

presentinnascentchainsbyus.ngdenaturedpSJan^ 
ISctonalantibodyJntheexampleofthepresen^ 

three distinct epitopes on. he N-term.nal^ 
available.and«e U sedapoolofmonoclonai a n«bod,e^^^ 

distinct epitopes. r ^ ma i n s of how one can predict whether a given mono- 

When using monoclonal antibod.es the quest on ^^^^ 

clonalantibodyorcombinationofant^ 

25 polYsomeimmunopurification.0^ . 

analyzing the translation products by SDS PAUt. ™"°"9 hundreds of more abun- 

componentofthetranslationproductsofunennc^ 

dant species, i. should be detectable ,n tfe*>**M produ ctsde irnniun0 assay is availableto 
35 A..ernatively.theXe n o PUS oocy. B trans3«pn^ 

. ^XoundtoSepharosecanbeused^ 

transiallon product as well as an assessment of its punty. 

45 ■ . 

(b) Oligonucleotide probes rdanc ewiththeinventiontoclonethecDNAcodingforatumor- 
Another method that may be usedjn a^ 
associatedantigensuchasp97.stodeterm^ ^ 
. tosynthesizeanoligonucleohdeprobebasedonthenuc^ 
SO sequence. The oHgonucleot.de may then b^ 
resulting cDNAIibra-y.Accord.n^ 
fromlysaiesof melanoma censbyaffln,wch~ 
al..19B2.Na.ure.London296:171-173KAnucleoti« 

sequence is then synthesized which can be used a «^ e ^ ocod P nsaremostsu „ableforthispurpose 
55 containingaminoacidres.duescodedb Y as de< ^^ IWI ^^moil 

Oneapproachis.osynthesizealong^^^^^^^ 

probable coding sequence based upon .he know^ 

!Uheticoligonucleotidesbasedon*«^ 
allowing onetoidentifyspunouspos^ 

full-length cDN A clone. 
65 r^Te^ 
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thetechnique for producing monoclonal antibodies using Epstein-Barr virus {Cole etal., 1985,TheEBV- 
Hybridoma Technique and its Application to Human Lung Cancer, in Monoclonal Antibodies and Cancer 
Therapy, Alan R. Uss, Inc., pp. 77-96) can be used to generate monoclonal antibodies directed against p97. In 
any case, the resulting hybridomas are screened for the production of antibodies that bind to the melanoma . . _ 
5 cells but do not bind to normal cells. 

The monoclonal antibodies directed against p97 described above can be used in a number of ways to 
facilitate the identification, characterization, cloning and expression of nucleotide sequences which allowfor 
the production of peptides and proteins related to the p97 antigen, in large quantities. For example, the 
monoclonal antibodies may be used to further characterize the p97 antigen by radiotabeling all the proteins 

1 0 made by the tumor cell, immunoprecipitating the tumor protein with the monoclonal antibody used to iden- 10 
tify the p97 antigen, and fractionating the immunoprecipitated proteins by gel electrophoresis. Protein anti- 
gens are identified as distinct bands on the resulting autoradiograph (Brown et al„ 1 980, J. Biot. Chem, 
255 4980-4983). In addition, the monoclonal antibodies directed against p97 can be used to facilitatecloning 
as follows: (a) to immunopurify polysomes in order to identify and obtain mRNA transcripts present in the 

15 melanoma cell which encode the p97 antigen; {b) to identify clones in a cDNA expression library that express 1 5 
peptides or proteins related to the p97 antigen; (c) to purify the p97 antigen in order to prepare additional 
monoclonalantibodiesorantiseraforuseintheprevioustwoapplications;or{d)toidentifycellsintowhich. 

the geneforthep97 antigen has been introduced by transfection. 
The monoclonal antibodies can also be used to facilitate structural and immunochemical charactenzation 

20 O fthep97antigen,soastoidentifyextracellutarandantigenicdomainsofthemotecule,andtopunfythe 
molecule for amino acid sequence analysis (Brown et al., 1 981 , Proc. Natl. Acad. Sci. USA 78: 539-543; Brown 
etal., 1982, Nature,London,296:171-173). . 

Further characterization of p97 involves determination of cellular localization and mapping antigenic deter- 
minants and functional domains. Subcellular localization can be determined by immunofluoresence micro- 

25 scopyand by cellularfractionation experiments. Antigenssuch as p97thatare present on the cell surface are 
preferred for vaccine construction, although intracellular antigens may also be useful. If multiple monoclonal 
antibodies are available, antigenic determinants can be mapped by competition experiments, in which each 
antibody is radiolabeled and tested for competition with each of the other antibodies. Domains of the mole- 
cule can be identified by limited digestion with proteases followed by SDS-PAGE. Together these data should 

30 allow identification of regions of the molecule that are most immunogenic. If the monoclonal ant.bod.es 30 
were obtained by immunization with intact cells, then these regions of the molecule are most likely to be 
extracellular and to be useful for vaccine construction. . 

Amino acid sequence analysis allows unambiguous identification of the protein and its comparison with 
otherproteins(Brown,etal.,1982.Nature,London,296:171-173).lftheproteincomprisesmorethan50 

35 amino acid residues, it may be feasible to determine only a part of the amino acid sequence, most often the 35 
N-terminus Protein antigen for amino acid sequencing can be purified from cell tysates by immunoarfmity 
chromatography with the monoclonal antibody, followed by preparative SDS-PAGE. The N-terminal amino 
acid sequence of the purified protein is then determined by using an automatic ammo acid sequencer, prefer- 
ably a gas-phasernachine for greater sensitivity. 40 

40 

5 1 2 Identification, cloning and sequencing of DNA coding for the melanoma associated p97ant,gen 
Early cloning studies concentrated on abundant proteins such as globin and ovalbumin, whose mRNAs 
often comprised 10to 50%of total mRNA. These mRNAs could be purified to homogeneity by sizefractiona- 
tion and pure cDNA probes were used to screen libraries of a few hundred clones by colony hybnd.zation. 
45 For proteins whose mRNAs comprise 1 of 1 0% of total mRNA. differential hybridization with two cDN A 
nrobes can be used, in which one of the cDNA probes contains the sequence of interest, and the other is a 
neqative control. Messenger RNAs coding for low-abundance proteins, such as tumor-assoc.ated antigens, 
which maycompriseas little as0.01%of cellular mRNA,are much more difficult to clone, because tens of 
thousands of clones must be screened, and cDNA probes will not give a spec.fic hybridization s.gnal. Both 
50 nroblemscanbealleviatedbyenrichingthemRNAforthesequenceofmterest. 

Several approaches used to clone DNA coding for human melanoma assoc.ated p97 ant.gen are described 
below Theresultingcloneswereanalyzedinordertoidentifyacloneorclonesthatspannedtheentire 
coding region of P 97. The P 97 nucleotide inserts of the clones so identified can then be sequenced by any 
method known in the art. The various approaches are described in more detail below. 
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(a) Isolation of mRNA by polysome immunopurification 
In this technique, polysomes (which consist of mRNA, ribosomes and nascent polypeptide chains) are 
ourified by immunoaffinity chromatography with antibodies that recognize antigenic determinants present 
on the nascent chains. In many cases monoclonal antibodies obtained by immunization with intact cells or 
60 cell extracts recognize the antigens in their native conformations, but they may not be appropriate for poly- 60 
some immunopurification. since there is a significant chance that the antigenic determinants recognized 
may not be present in nascent chains. Since translation starts at the N-terminus of the polypeptide, epitopes 
close to the C-terminus are likely to be absent from the majority of the nascent chains. This problem is 
avoided either by using antibodies that recognize N-terminal epitopes, or by preparing polysomes from cells 
65 treated with a protein synthesis inhibitor that blocks termination. 
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Proteins and peptides can be produced in large amounts by inserting nucleotide coding sequences into an 
appropriateexpressionvector.whichisinturnintrod^ 

tt ^to. bacteria.ye a st. insect cells, and mammalian cells. Although barterial hosts have many advantages 

theydonotprocessmanyeukaryoticcellsfortheexpressionoftumor-associatedprotems. However recom- 
5 binant proteins produced in bacteria may be useful for induction of T-cell responses, since such responses 

arebelievedtorequiretheinitialdegradationoftheproteinantigen. 
In order to express p97 related peptides in a vector-host system, nucleotide sequences coding forthe 

melanoma associated P 97 antigen or a portion thereof, are inserted into an appropriate 

Suchnucleotidesequencesincludebutarenotlimitedtoallorpartof^^ 
10 asdepicted in Figure 3 including altered sequencesinwhichoneormorecodonswithinthesequenceis 

substLed byacodonwhichencodes the sameorafunctionanyequivalentam.noac,d residue^ 

fnginaneutraorsilentchangeinthesequence.^^ 
the transcription and translation of the inserted protein^^ ^ 
strengthand specificities. Depending on *ehost-ve«or system ut.hzed. anyone^ 
15 transcViptionandtranstationelementsmaybeused.ftrinstance.whe^^^ 
promoters isoiatedfromthegenomeof mammalian cellsle.g.mousen^^^^^ 

virusesthatgrowinthesecellste.ff. vaccinia virus7.5K promoter) may be used. p ^ otN ^'°f"^' 
recombinanlDNAorsynthetictechniquesmay also beusedto provide for transcription of the inserted 

20^pefflcm^ 

These sinnals include the ATG initiation codon and ad acent sequences. In cases where either the geneor 
ISNAsequenceisin^ 

mavbeneede?^^^^ , 
^Z^Xa including the ATG codon may have to be provided. The '"^"^^ 
25 furthermore be in phase with respect to the reading frame of the protein coding sequences to ensure transla 
tionSe^ 

useXconstmctexpressionve«orscontainingachimeriegene^ 
30 and tran^ational control signals and the protein coding sequences. These methods may include those used 30 



25 
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Expression ve«orsindude,butarenotlimitedtothefollowingvectorsandth^ 
virus Adenoviruses insectviruses.yeastvectdrs.bacteriophagevectors. and plasm.dDNAvecto s.The 
35 coningandeS 
anfcoV/hsbacterioph 

ribfsoma ^promote ^ lh eP„andP L promotersofcoliphagelambdaandothersinclud,ngbutnotl,m,ted 
to /acuvS Wte^L) hybrid promoter, ompf.bl*. Ipp and the like may be used to direct high levelsof 
,°an™rip. Z of Adjacent DN A segment. However, due to the processing differences between prokaryotic and 
40 eu3ccells. it may be preferableto express the P 97 related peptidesof the present invention .neuka-v- 
ouVceCTneb^ 

* ^ Z f CB ,r , 0Qe , her wi ,„ a drug resistance gene followed by selection withdrug.preferablyobtaming 

ve^f o^rbastd upon PBR322. using a strong eukaryo.ic promoter and other regulatory sequences; (cT 
45 exSonofcDNAi^ 
I^OpZo^ 

overalong period of ti m e,whereasSV40vectorsareonenuse.dtoobtaintrans,entexpress.on Although 
mammanan cells have most often been used as hosts, insect cells, and in some casesyeast cells, may also be 
suitable Some are described in more detail below. . 

50 ToVde^ 
cDNAcVd^ 

chrentoeneisflankedb^ ~ 
gene whfch is carried on the plasmid DN A vector. The construction of the chimeric gene inv0 ^ es ' ne ^° . 
bXnftural and synthetic control signalsfortranscri 
55 seauence The chimericgene is then introduced into vaccinia virus expression vectors through m two re- 

omb^ 

vaccinia virus genome. These recombinantviruses containing thechimericgenearecap-ableof direetingthe 
expression of p97 related peptides in an infected host and can be used ascomponents of a vaccine. . . 
Tn cases where an adenovirus is used as an expression vector.the DN Asequence of .meres " J>£«£"" 

60 adenovirustranscription/translationcontrolcom^^ 

TOs cWmeric gene is then inserted in the adenovirus genome by/n vitro or in v,vo recombination. Insertion 
^nonessential region of the viral genome {e.g.. region El or E3I will result in a recombinants ha, is 
Ibleandcapableof expressing the P 97 related peptideininfectedhosts. Present^ 
adenovirus (types4 and 7) approved and used as vaccines for military personnel. They are pnmecandidates 

65 foruseasvectorstoexpresstheinsertedDNAsequence. 
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roach' therefore; which can be used to obtain cONA clones f or tumor-associated proteins such as p97. is to. 
prepare a^cDNA library by reverse transcribing the mRNA (enriched or unenriched) isolated ^ 
ceSescribedabove.usingoligolTHudeotideprimersbrthesyntheticoligonucleot,^ 

bedab^^ 

5 ted P 97 protein. Clones that contain DNA coding for the epitopes recognized b V *e m°no^ 
thecorrect orientation and reading frame wil. express peptidesorprotemsrelaedto^^ 
ted p97 protein and can be identified by transferring the proteins expressed by the clones to a nitrocellulose 
filter and incubating the filter with the antibody, followed by development with a labeled anti- 

lo'T^eSpjobS 10 
bacteria because inmanycases.onlyapartofthecDNAwillbecontainedinthe.nsertandbarteriadonot 

Pro esp^^^^ 

surface proteins, which are modified more extensively by removal of the signal pepfdes addition ol car. 
bo^rateldecha^ 

15 ctonalannlwdiesthatareknowntorecognteethedenaturedantigenortopreparepolyspecificantisera 15 

TnXe»mtn ^^X^^^^'^^±^^^- 

3eeftriat(J(1 n q 7 antinen is identified, the cDN A nsert can be used to screen additional libraries in oraer 10 

20 

20 o97 -me identity of the cDNA cloned can be established by sequence analysis and companson of the ded ZO 
p97 protein. 

25 ^fotTgme.^ 25 
rtpwrminaTthat is present only in the native protein and is not present in nascent chains or in protein 
determinant that is present °"'V > * melanoma cell is introduced in mouse Lcells 

by transtection. auoseque y. jmmunologica identification of colonies that 

SOnnX'pTrela^ ' 
30 produce p97 related pepuoe _s g g polyester cloth filters. Several subsequent rounds of trans- 

tect^^ 

!mhd Jnhaae vector and screened for clones containing human repetitive sequences which occunn the 
- tTon fo'f ^fst getes Once a genomic clone is identified it can be used as a hybridization probeto .denffy 
35 cDNA clones containing the DNA coding for p97. 

5.2. Synthesfsofantigenicfragmentsof^ 
^qvXlc oeotides can be used as immunogens to elicit an immune response against the native protein 

from the Known ammo dciu ^ nrote ; n molecule, exposed to the external medium. This is most 

.iketytobepresenton^ 

TeT^^ 

45 also be used. „ 0 - t!rl « rnmnrisina 5 to 50 amino acid residues of the melanoma associated p97 

tedpeptidesareusedeitheral^ 

ropnate mode ± w pp p appropriate cDNA expression vector construct. 

The goal is Ao identify pept be produced in , arge quantities by chemical 

Set ! IS S AI«im«lvSv?ih. identified peptides may be produced in »arge quant.t.es 

65 5.3. Productionofp97're/ated P eptidesbvexpresshnvector^ostsy S tems 
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The affinity-purified antigen may be purified further by HPLC. 

cell-mediatedimmunitysuchasdelaved-Wpe^ 
10 achallenBeofviable.syngeneictumorcellsexpre^ 

immunity can be done to measure prolrferat.0^ 
. abHityofiymphocytesfromimmun.zedamm^huma^^^ 

thep97antigen.Moreover.by.mmun,z.ng^^^ 

phase I testing in advanced cancer patients ^^*^*^^ w ^ p taw ^. wd «deieHb«l 
ahighprobabilityofrecurrencecouldbetes ed ■J^~^J^ -ttiMih- dte».oroiithe 

which express the antigen, will also be examined. 
30 niques.asynthetic P eptide.apur 11 edproe.^ 

^a=^=^ 

35 are discussed below. 

nartvinjs.smfectious^^ 
because multiphca.,^ 

nng in natural subd.nical mfect °™ an °-' ' ,„„ p 97 . re | a ,ed peptide from Its chimencgene 

recombinantv.nJsupon.ntroducton,^ 

45 andtherebystimu ate^n^ 

ivevaccine against ™ lan °™ a *°f^ 

SnS 

formulationofliverecombinantvirusvacc.^ 

50 Multivalent live virusvaccinescar, £e ^^'^ n ^^ te) ^ etav ^ a ^ s Mi^a m 
expressavarietyof antigen^ 
aceommodateapproximately35^ 

55 S^"^ 

SneOT 00 
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An alternative expression system which could be used to express the p97 related peptides is an insect 
system. Ihonesuch system, Autographa calif ornica nuclear polyhidrosis virus (AcNPV) is used asa vectorto 
express foreign genes. The virus grows in Spodoptera frugiperda cells. The DNA sequence of interest can be 
cloned into non-essential regions (for example the polyhedrin gene) of the virus and are placed under control 
5 of an AcNPV promoter (for example the polyhedrin promoter). Successful insertion of the DNA sequence wilt 5 
result in inactivationof the polyhedrin gene and production of non-occluded recombinant virus (i.e., virus 
lacking the proteinaceous coat coded for by the polyhedrin gene). These recombinant viruses are then used 
to infect Spodoptera frugiperda cells in which the inserted gene is expressed. 
In addition, host cell strains may be chosen which modulate the expression of the inserted sequences, or 

10 modify and process the chimeric gene product in a specific fashion desired. Expression from certain prom- 10 
oters can be elevated in the presence of certain inducers {e.g. zinc and cadmium ions for metallothtonein 
pro mote rs).TheYef ore, expression of the genetically engineered protein may be controlled. This is important 
if the protein product of the cloned gene is lethal to the host cells. Furthermore, modifications {e.g. t glycosylr 
ation, phosphorylation, etc.) and processing {e.g., cleavage) of protein products are important for the struc- 

15 ture and function of the protein. Different host cells have characteristic and specif ic mechanisms for the 15 
posMranslational processing and modification of proteins. Appropriate cell lines or host systems can be 
chosen to ensure the correct modification and processing of the foreign protein expressed. 

In the particular embodiment described herein for p97, we ligated the p97 cDN A sequence into an expres- 
sion plasmid vector derived from pBR322 which contains the metallothionein promoter. The entirecoding 

20 sequence of p97 including the signal peptide and the membrane anchorwas inserted into the vector. 20 

5.3.1 . Identification of recombinant expression vectors capable of replicating and directing the expres- 
sion of the p97 DNA sequences . 
Expression vectors containing foreign gene inserts can be identified by three general approaches: (a) DNA- 

25 DNA hybridization, (b) presence or absence or marker gene functions, and (c) expression of inserted seque- 25 
nces. In the first approach, the presence of a foreign gene inserted in an expression vector can be detected by 
DNA-DNA hybridization using probes comprising sequences that are homologous to the foreign gene insert. 
In the second approach, the recombinant vector/host system can be identified and selected based upon the 
presence or absence of certain "marker" gene functions caused by the insertion of genes in the vector {e.g. 

30 thymidine kinase activity, resistance to antibiotics, transformation phenotype, etc.). For example, if the for- 30 
eign gene is inserted within the marker gene sequence of the vector, recombinants containing the DNA insert 
can be identified by the absence of the marker gene function. In the third approach, recombinant expression 
vectors can be identified by assaying the foreign gene product expressed by the recombinant. Such assays 
can be based on the physical, immunological, or functional properties of the gene product. 

35 For example, when constructing a recombinant vaccinia virus according to the present invention, the chim- 35 
- eric gene containing the p97 coding sequences is inserted into the thymidine kinase gene, thereby inactivat- 
ing and endowing on the virus a TK" phenotype. Such recombinants are selected by their ability to grow in 
media containing 5-bromo-deoxyuridine a nucleoside analog that is lethal toTK T cells but not'TK" cells. The 
recombinants a re further identified by DNA-DNA hybridization, using a cDNA probe specific for thetumor- 

40 associated protein. TK" recombinant virus can be isolated by plaque-purification and stocks are prepared 40 
from infected cultured cells. The recombinant virus can be tested for its ability to induce synthesis of the p97 
related peptides. To this end, infected cells can be grown in the presence of radiolabeled amino acids; then 
lysates and subcel lular fractions of the infected radiolabeled cells are tested by immunoprecipitation with 
antibodies directed against the native melanoma associated p97 antigen. The immunbprecipitated products 

45 are resolved by SDS-PAGE. Infected cells can also tested by immunofluorescence using monoclonal anti- 45 

b °Cells into which a plasmid vector has been introduced by transfection can readily be identified by FACS 
• analysis or by binding assays of replicas of cell colonies on polyester cloth. The amount of p97-retated 
peptide present can be determined by a quantitative radioimmunoassay, and its subcellular localization can 
50 be determined by cellularfractionation and by immunofluorescence microscopy. The structure of the p97 50 
related peptide expressed can be determined by SDS-PAGE and by amino acid sequence analysis. 

5.3.2. Purification ofthep97-related peptide from expression vector-host systems 

Many tumor-associated antigens such as p97 are cell-surface glycoproteins and contain an N-terminal 
55 signal peptide and a C-term i nal anchor peptide (Davis et al., 1 985, J. Mol. Biol. 181:111-121). When ex- 55 
pressed on an appropriate vector it is expected that the protein will be translocated to the cell su rf ace. To 
facilitate purification of the protein it may be preferable to delete the DNA sequence coding for the membrane 
anchor region, so that the mature protein is released into the culture medium. 
The p97 related peptide can be purified from that host cells by detergent lysis followed by affinity chroma- 
60 tography using monoclonal antibodies. If a truncated protein is to be purified from the culture medium it is 60 
preferable to use seru m-f ree medium, and then to use affinity chromatog raphy with monoclonal antibodies. 
It is important that the antigen can be eluted from the antibody adsorbent without either reducing its anti- 
genicity or denaturing it. This may be achieved by raising or towering the pH or by using a chaotrope. It may 
be necessary to select a monoclonal antibody that will release the antigen under relatively mild conditions. 



coloniesof transformed bacteria v»asboundto paper (Taub&Thompson. 1982. Anal Bibchem.126:222.M0) 

5e cXo U ne P nriche P dcDNAandalsoselec.edp97rnRNAin M^^^^J^^*^ 
adenyLion signal (AATAA) and a poly(A) tract werepresent at ^I^^^^^Sm^SLm 
translated p97 3a2fl hybridized 100-fold more strongly to p97-enriched mRNAthan to u ™"*l d ™™ noma 
mRlkand'no.detectablytofibroblastmR 

identified anmRNAofapproximately4kilobase(kb). which was P resent.nSK-MEL28melanomacellsand 

10 absentfromfibroblasts. 

6 2 2 Genomiccloningofp97andtheuseofsynthetfcoHgonucleotidestopr^ 

Atmp^oScDNAclonesextendingmorethanl »^^S<»** a r^£^ir m ' 
fuloossiblyduetoaregionofhighGCcontent^^ 
,5 SccLngwasu^dtoc^— 



'Ihr^synthS^^ 
30wereuse^ 

i «. , fflikwn - the d97 cDNA was dG-tailed and ligated with a bndger oligonucleotide (AATTCCCCC- 
fnsertfon C andl a^ 

is 

. appng^ 

region^e identified by using p97 exon specificfragments as probes (Figure 2). 

40 

cDNA^ertXSXdlubdoned into p,asmidvec.orp EM B L1 8 + (Den,ee«al..1983 NucleicAcids 
d i^t ^l 16^51 in? Co«fo"su^^^ and restriction mapping. cDNA was also subcloned 

Res. 1 1 : 1645-1655) in £ Corttor suosequen i p v ' a 33:103-1 19) and sequenced using the 

observed molecular weight of the/o wt/o translation product. 

sequencewere U sed.Thep97^ . 

65 r 0 aSS 
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include, but are not limited to, mineral gels, e.g. aluminum hydroxide; surface active substances such as 
lysolecithin;pluronrcpolyols;polvanions; peptides; and oil emulsions. ■ 
ManymethodsmaybeusedtointroducethevacdneformulationsdescribedaboveitheseincluaeDutare 

not limited to intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous and intranasal routes. 
5 Whenaliverecombinantvirusvaccineformulationisusedjtmaybeintroducedviathenaturalrouteof 

infection of the parent wild type virus which was used to make the recombinant virus in the vaccmeformuia- 

tion. 

5 5 2. Subunit vaccine formulations . . m 

10 In an alternative to viral vaccines, the P 97-related peptide itself may be used as an .mmunogen subumt 10 
vaccineformulations.Subunitvac^^ 

immunize a host. Accordingly, the P 97-r elated peptide may be pur.fied from recombinants that expressive 
p^ide.Such recombinants include any of the previously describe^^ 

transformants, or yeast transformants. In another embodiment of the present invention, the p97-related 

15 peptidesor proteins may be chemically synthesized. ■ 

Whetherthe p97-related peptidesare purifiedfrom recombinants or chem.cally syn hes.zed. the final pre- • 

duTmavbradiu^ 
Lrfac'activesub^ 

20 The p97-related peptide may also be incorporated into liposomes, or conjugated to polysaccharides and/or 
other Dolvmersforuse in a vaccine formulation. . 
TninstanTesXrethe 

haptenmayTecovalentlyboundtoacarr^ 
25 [a.edforuJeasavaccineiforinstance.alargeproleinsuchasprotemserumalbummw.llconfer,^ 

munogenieity to the hapten coupled to it. 

6 Example: Melanoma associated p97 antigen , ' ._ ; „„j 

fnthV^pledescribedbelow.cDNAclonesderived 
30 tooether andlnserted into an expression vectorwhich directsthe express.on of a pept.de related to P 97.The 

psfreTatS 

35 73 SsttO by magnesium precipitation. From this P^P^gatSST- 
were Durifled by incubation with 3lgG2a monoclonal antibodies (96.5. 118.1. 133.2) specilic tor distinct 

-^r«r.fnq^Brownetal 1980 J Biol. Chem. 255:4980-4983; Brownetal., 1981, J. Immunol. 127:539- 
BU ^ Brownefa 1981 Pro '.'Naa Acad Sci. USA78:539-543 ; Plowman eta... 1983. Nature. London303:70. 
TlfrolredbyaS 

40 ££"utt 

fn a £rcalexperi^ , 

50 glycosylated precursor of p97. 

plates isolated above. :;: .- r . 55 

55 fi 9 1 Construction of cDNA clones primed by oligo(T) • 

The o97 e ivtched mRNA prepared above was used as template for oligo(T)-pnmed c ^^^ s ^ ^ s *TJj®_ 
mNA was ^ed in^R322 asfollows: for first strand cDN A synthesis, p97-enriched mRNA, and ourdNTPs 

60 Gene^cResource^ 
polymerasemethesd^ 

then dC-? 1 '^^ pBR322 (Bethesda Research Labs, Bethesda, MD) (Villa-Komaroff et al.. 



15 



20- 



25 



30 



35 



40 



45 



50 



16 GB 2 188 637 A 



16 



positionsinbothdomains. while human lactror^ 
cysteine residues (in theirC-terminaldomamsl.Un^ 
^eirC-terminaldomainswhichhaveno^ 
lOferrinalsocontainsZextracystemesuniquetortsN— ^ 

in human serum transferrin, 'a^^f/^ri?', 0 ^" ^1X^1 al 1984, Eur. J. Biochem 
way et a... 1982, Proc Natl. Acad. Sci. USA 79*504.2608 J."?^^* y ^^ 19B 3,j.BW.a^n. 
145:659-676; Mazurieretal.. 1983 Expenen,,^ 

9«;R''?*M3-3553- Williams et a 1982, Eur. J. Biochem. 1Z2.^3/-juj, . " d c- M . ra K\ 

ISOnecatS^ 

. Theaminoacidhomologybetweendomainso^ 

morestriking*anthatseeninhumantransferr.n^ 

gaps.49residues).Giventhee«ens,vesequen^^ 

similar folding patterns, based upon ^"^Tf^l ^Z^oo 281 :157-1 58) can be refined it 
20 resolution X-ray structure of transferrin (Gor nsky et al.. 1979. Nature, lo 

may be possible to deduce the three-dimensional structure of p97. _ . 

6.6.3. Function of p97 ; cM kh, <c bind iron (Brown etal., 1982. Nature London 

.tsmembershipinthe transferring 
25 296:171-173),anditscommonchrom«omallocalizato^ 

man et al., 1983, Nature, London. 303:70-72; *•"(> **• XanXn^ tethcnight tocontairi 2-3tyros- 
supportaroleofp97in iron transport. The .ronbind.ng pocket of ^"^l^% Mt ^j, Bl0(ihem . 
ine^histidinesandasinglebicarbon^ 

145:659-676). Conservation of theseamino ^^^f^^^ n0 homology with thetransferrin 

35 6.6.4. Conclusion acc rt riated d97 have been obtained 

Expression of P 97 protein ,sa secreted torn 

ability to generate .mmun.ty m "f^ a vawt^as y Vp97a . NY recombinant virus vaccine 

munity. Using the syngeneic murine ^^jl^^^ c ^ llet ^ The vaccine also provided a 
50 wasdemonstratedtoprovideap^ 

55 homologous protein (overthe region. e * a ™ n ^ p9 7 and the monkey form of the 

non-human primates. There .s a ^^^^^^^S^^). Because of the potential dif- 
proteinlas revealed bymecross-reac^ 



10 



15 
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protein (as revealed by the cross- re activity ^^^^^^ related Macaque monkey was 

fleultylng-nerat^ 

usedtotesttheimmunogen.c.tvoftheVp97^ 
60 monkeysandshowntoinducehumorahmmun^ 
haveexhibitednonoticeablesympto^of^ 



60 



65 



have exhibited no noticeable symptoms 01 u C . cl *. 

twoinoculationsoftheliverecombinantvacciniavirus f overapenodofs.xweeks. 

Theex"^^ 65 
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of thethreecDNAclones 10alMjl, and 2fl, 

fcoRI restriction enzyme sites and inserted into the Wmdlll-fcoRI sites of the plasmid vector pEMBL.1 8+ 
(Dente,etal.1983,Nuc.AcidRes.11:1645-1655)asshown in Figure 2. The final construct. p97b. contains the 
4 4 kb p97 insert in plasmid vector pEMBLI 8+ which was used to transform £ co//HB101 . The insert in p97b 
5 contains 30 bp of the 5' untranslated region of p97 mRNA, the entire coding sequence, and the 3 untransla- 
ted region, bounded by a 5' W/ndtll site and a 3' FcoRI site. , / 

The 4 4 kilobase p97 insert was excised from p97b with W/hdlll and £coRI. and the ends were filled in using 
theKlenowfragmentofEco/ZDNApolyme^^ 

SmalsiteintheeukaryoticcDNAexpression vector 1995.12 P UC13, ade^ivat l veofveaormThGH-U2 ^ ^Palm- 
1 0 iter et al 1983, Science 222:809-141, which was obtained from Dr. Richard Palmiter (University of Wash- 
ington. Seattle, Washington). This vector uses the mouse metallothionein promoter to express foreign genes 
in eukaryotic celts. The construct with the p97 insert in the correct orientation was identified by restriction 
analysis and designated pMTp97b. . t BrftUrthln 

The recombinant plasmid was transfected into LMTK" cells, and transfectants were selected by growth in 
1 5 HAT medium. Clones picked from the transfected dish were expanded in 96-well microtest plates, and spent 
culture medium and cell lysatesfrom replicate plates were asasayedfor P 97 by a two-site .mmunorad.omet- 
ric assay. Subclones were expanded and retested. Clone TKMp97-12 which expresses approximately 
4,000,000 molecules of p97 percell was grown up, induced with cadmium, and used as a sourceof P 97 for 

immunization. 20 
20 " ' 

6.5. Immunization of mice with p97 related peptides 

TheTKIvlD97-12cellsweregrownup,indicewithcadmiumand{14.4g)werelysedbyincubattonfono 

was ultracehtrifuged at 200,000xg 

25 rmmunoamnity^ * 
munoadsorbent was washed extensively, first with TN EN, and finally w.th 20 mMTr.s-HCI, pH6.8 

Forthe immunization, 0.5 of the adsorbed immunoaffinity column prepared asdescnbed above was 
mixedwith0.5m^20mMTris-HCI, P H6.8,andemulsifiedwith 1 m^ complete Freund s adjuvant. Four 
BALB/c mice each received 0.4 m£ of the emulsion intraperitoneally. Three weeks later the m.ce were boos- 

30 tedwithonefourthof^ 

wrthan immunoaffinity column of an antibody unrelated to p97 that had been otherwise treated. ndent.cally. 
Four of ^e p97-immunized mice and two control mice were bled one week after the boost. The sera were 

SDS-PAGE The results showed that sera from the four p97-immunized mice tmmunoprec.pitated p97 
35 whereas the control sera were negative. The sera were also tested for the presence of antibodies directed 

Swelir^ 
P e^ 

coniuaated goat anti-mouse IgG (Southern Biotech). The optical dens.t.es (read at 490 nm) of sera from the 

40 p97-— 
0.036 and 0.057. 

6.6. Characterization of p97 

fjrstm«ura domains. Since residueaOoftheprecursorsequencecorrespondstotheN-termmuso mature 
p97, amino acia resi™ ■» w » 362-713 comprise two homologous domains of 342 

rd 0 r a x« 

^^nd metWor^ine endues at positions 2 and 20. Identical results were obtained with intact p97. and are 
and 17,and methionine a £ sequence of p97 predictedfrom the cDNA sequence. Wecon- 

domJlJofpWWe^ 

sensitive. 

fiS RR7 Hnmnloov ofp97 with transferrin 
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p97 virus (Table I) below. . 
Tablet 

10 Sur1acep97expressionoftransfectedmousece!^^ 



Molecules of 



M2 parent None 
BSC None 



BSC ywt.NYvacclnia ; 5.220 ^ 



25 



5.590 
5.220 

2p BSC Vp^NVvT^nia 1.140,000 

iCeHsweretrvpsinizedbriefly.washedandaliq^ 
expressing carrierce.lswere added totub^ 

tube. 1 x 10 6 cpm of iodinated monoclonal antibody 96.5 (1 23 ngi was > ' n ™"^ T ' 1(i%feta , catf ser um.then 
25 wnhthecensfor60minute S onice.Cellswer e washedands P un4t l mesmPBS + 10%fetal calf serum. 

resuspended and counted in a Micromedic 4/600plus gamma counter. 
(-) signifies less than. 

30 ^SS^^ 
stimulating antigen (Table ll). 



Tablet! 

40 Profiferation assay of murine spleen cells 1 



Con A 

(10ug/ml) 71 



50 



18 



10 



CellType Virus Used to Infect Cell p57 ^0 OoS^^' 15 

15 M2SVp97a.A None Wo00 

M2svp97a.E/F2 . None ^000- 



30 



35 



40 



Proliferative Index Proliferative Index 

Stimulating of vp97 Recombinant 45 

45 Antigen Immune Spleen Ceils SpleenCells 



p97 Protein 

(3ug/ml> 27 50 

50 (10ug/ml) 2 
(20ug/ml) ^ 3 

(50microgr/ml) 44 
UV-lnactivated 

Vaccinia Virus 2 . 55 

55 (10 7 pfu/ml) 91 
P97-Transfected 

Irradiated Syngeneic . 
Tumor Cells (10*) 86 

Parental Irradiated . 1 60 

60 TumorCellsdO 4 ) 3 ' 

'Sp.eenceUswereiso.atedfrommiceinocu.atedby^ 
virus boosted onemonth later™* thesamedoseandk^ 
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clone p97a, which is similar to plasmid p97b, except that the entire 3' UT region is utilized (Figure 6). All cDN A 
clones were originally isolated from lambda gt 1 0 libraries with synthetic 5coRI-dG (9-17) linkers as pre- 
viously described. Inserts were excised by Eco Rl and subcloned into pEMBL18+ for subsequent propagation 
and characterization. Clone 1 0al was subcloned into M1 3mp18 and an RFform was digested with SamHI and 

5 Sph\, treated briefly with Exonuclease III, blunted with Si Nuclease, treated with Klenow, and rehgated. 5 
Several plaques were isolated and sequenced, one of which had removed the dG tail and retained 33 bp of the 
p975' untranslated region inserted into the Mndlll site of Ml 3mp.18. An RFofthissubclone(10a1a)wasused 
for generating the intact p97 cDNA; otherwise, all fragments were isolated from the plasmid subclones. The 
550 bp W/ndlN-PuuH fragment from ^ 

10 agarose gels and ligated into pEMBL18+ atthe Sal\ and W/ndtll sites, generating P 5'p97. E7.7 genomic clone 1 0 
in pEMBLI 8+ was digested to completion with FcoRI and digested partially with Sst\, and the 4.5 kb fragment 
was separated by fractionation through 0.8% LMP agarose. This 4.5 kb 3' fragment was ligated with the 404 
bp Sst\ fragment from 2fl and the 535 bp BamHt-Ssti fragment from 1 jl into pEMBLI 8+ at the San and EcoH\ 
sites, generating P 3'p97. The 1 285 bp HindW-San fragment of P 5'p97 was then ligated into p3 p97, general- 

1 5 ing pp97a. The FcoRI-partial Hind\\\ fragment from this done was inserted into pSV2neo {Southern, et al., 1 5 

1 982 J Mol. App. Genet. 1 :327-341 ) at the Hind\\\ and EcoB\ sites, eliminating the neomycin coding region 
and SV40 splice/polyA sequences while retaining the SV40 early promoter and 72 bp enhancer, 33 bp p97 
5'UTR, the entire p97 coding region. 3' UTR and 1 .4 kb 3' flanking DNA. The resulting plasmid was termed 

20 PS The 9 sv2 driven plasmid was transf ected by calcium phosphate precipitation into a variety of eukaryotic cell 20 
lines, and expressing cells were cloned and selected using co-transfection of a dominant selectable marker. 
To accomplish this, Chinese hamster ovary (CHO) cells were cultu red in Hank's F 1 medium containing! 5 A> 
fetal catf serum (FCS), 4mM L-glutamine, 1 .3 mM proline, and antibiotics. B1 6 cells were cultured in RPMI 
medium containing 0.15% bicarbonate and 1735 cells in DMEM medium (Gibco) both supplemented with 

25 15% FCS, and antibiotics. Cells were transfected by a modified calcium phosphate technique (Wigler M et 25 
al 1 978 Cell 14*725-731 ) with 20 ug per plate of pSV2p97a plasmid DNA and 0.5 ug of either pSV2DHFR or 
pSV2neo respectively. Alt plasmids were linearized at the EcoH\ site. Stable transfectants were selected using 
hypoxanthine negative {HAT- > medium for CHO cells or 0.5 ug/ml Genetic! n (G41 8, Gibco} for the B1 6 and 
1735 cells Surviving cells began forming visible colonies 7 days after transfection and were overlaid with 

30 sterile polyestermters held in place by ^ . 30 

cells to grow up into the polyester matrix, generating a replica of the colonies on the plate. The f ) Iters were 
then removed and used for a live cell binding assay with iodinated anti-p97 monoclonal antibody. Ten mic- 
qorams of labeled monoclonal antbody were incubated with up to 20 filters in 10 ml FCS at 4Xfor one hour. 
The filters were washed extensively in phosphate-buffered saline (PBS), dried and exposed to XAR-5 film 

35 overnight at -70°C. Filters were subsequently stained with 7% methylene blue to visualize the cell colonies. 35 
In all the cell lines used exceptthe B16 mouse line, the expressing cells contained antigenic p97 protein on 
their cell surfaces. 

In the B16-transfected cells, p97 was released into the medium, a finding unique to thiscell type.The . 
secretionofp97ehabledpurificationoffulHengthp97proteinfromthemediumofthecells.Clone 
40 B16SVD97a i4expressedapproximately4ug/mlofp97inspentmedium.Recombinantp97waspunf.ed 40 
from spent medium of transfected clone B1 6SVp97a.14, which shed large quantities of p97 ant.gen into the 
medium Cellswere maintained at nearconfluency{10 9 cellsHn 850cm 2 roller bottles by contmually adding 
small amounts of fresh medium, they continued to shed antigen without detaching for weeks aHow.ng 
continualharvestandfreezingdowno 

45 mu^ 45 
this end three liters of spent medium was run over a series of three 30 ml columns. The first contained 15 ml 
of G 25 superfine Sephadex {Pharmacia), the second contained 20 ml of Sepharose 4b (Pharmac.a), andthe 
^dcontainedS A 

mo^cS^^ , n 
50 ^eSywithcoldPBSandthean^^ 50 

comSishingS 
traZdw^ 

A^fconappa^ R , 
55 ™ in A Sm\ as determined by Bradford assay (Biorad). Fifteen ug of the product was run on SDS-PAGE 55 

3re1)T^ , 

quanXoTplrfied protein. Control preparations were performed in parallel with spent medium from the 

P a?en^ 
60 nroLin™ 

purified p97 protein was immunogenic producing a strong antibody response in mice immunized w.th the 
protein as described in Section 7.3. infra. 

7 2 Construction and expression of recombinant p97 vaccinia virus 
65 The codihg region of p97 was inserted by cutting p97a with W/hdlll, converting the ends to blunt ends, and 
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given two weeks following the last vaccination by injection of M2SVp97a.2E, a metastatic tumor clone prepa- 
red from M2-K1735 (a murine melanoma model) fay transfection with the human p97 coding sequence con- 
tainedinan expression plasmiddriveri by theSV40early promoter. A variety of expressing clones were 
selected; and the one used for tumor challenge, clone M2SVp97a.2E, expresses a medium level of p 97, about 
5 400,000 molecules per cell or equivalent to human melanoma p97 antigen density. Two doses of intravenous 
tumor challenge were used, 5 x 10 5 or1 x 10 s cells which were injected into the tail vein of syngeneic 
C3H/Hen mice. The mice were sacrificed 16 days after tumor challenge and lungs were removed. A mouse 
was scored as positive if there were tumors visible to trie naked eye on longs stained with India ink. The ' 
results are shown in Table V. : 



10 



TabteV - ... . . - ; 

Challenge of vaccinated mice with syngeneic p97 transfected melanoma cells 



15 



Vaccine 
20 Vp97a-NY 
Vp97a-NY 
Irradiated 
Syngeneic 
Melanoma 
25 Cells 
Vwt-NY 
p97 Protein 
Vp97a-NY 
Vp97a-NY 
30 Naive 



-.■■:-r 



No. of 
Immunizations 
2 
1 
2 



Challenge Cell Dose 
5x10 5 
5x10 5 
. 5 x10 s .. 



5x 10 s 
5x 10 5 
1 x 10 5 
1 xlO 5 
1 X10 5 



-v NO. Of , : - , 

Mice with 
Obvious Lung 
Metastasis 
1/5 
274 

. .. 0/4, . . .. 



9/10 

3/3 

0/1 

0/4 

5/6 



The results presented in Table V demonstrate that there was considerable protective effect with two im- 
munizations of Vp97a.NY although no protective effect was seen with the purified p97 protein vaccine (des- 
pite the extremely high antibody titers elicited). The ability of the recombinant virus to elicit cellular immunity 

35 may be responsible for its protective tumor immunity. 

In a therapy experiment, mice were inoculated with a low dose of p97-expressing tumor cells and then two 
days later, inoculated with the recombinant vaccinia vaccine. Mice were challenged with 1 0 5 or 1 0r p97- 
expressing tumor cells (M2SVp97a.E> intravenously. Two days later, mice were inoculated by tail scarifica- 
tion either with Vp97a-NY or Vwt-NY. Weekly inoculations by tail scarification were repeated, and mouse 

40 survival recorded.The results shown in Figure 10 indicate the therapeutic effect of recombinant p97 vaccinia 
virus vaccination in mice with existing lung metastasis. - 

7.5. Recombinant p97 vaccinia virus is immunogenic in macaque monkeys 

Two Macaca fasicularis (macaque) monkeys were scarified with either 2 x 10 a plaque forming units (pfu)of 
45 Vp97a-NY recombinant vaccinia, or the same dose of parental strain vaccinia. Two weeks later the sera were 
tested by ELISA for titers to vacci nia and p97. The results shown in Ta ble VI demonstrate that humoral 
antibodies to p97 were detectable two weeks after the single inoculation with Vp97a-N Y. 
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Table VI 

Serum antibody titers in vaccinia inoculated monkeys 
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ImmunogenlWeek 
Vp97a-NY/WeekO 
Vp97a-NY/Week2 
Vwt-NY/WeekO 
Vwt-NY/Week2 . 



Anti-Vaccinia Titer 
(serum dilution with 
twice background) 
1/20 
1/2000 
1/20 
1/2000 



Anti-p97 Titer 
foglm! monoclonal 
antibody 
equivalents) 
0.54 
6.54 
0.50 
0.34 



55 



60 



8. Deposit of microorganisms „ 
The following 5. coti strain carrying the listed plasmid has been deposited with the ATCC, Rockvtlle, MD 
65 and has been assigned the following accession number: 
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carbonate, and 2.5 x 10 5 M 2-mercaptoethanol. Cultures were pulse-labeled for six hours on day four, with 25 . 
uCi/well tritiated thymidine (New England Nuclear), harvested with a PHD ceil harvester, and counted using 
OptifluorinaBeckman LS3801 counter. Proliferation indices were calculated by dividing cpm averages of 
quadruplicatewetls stimulated with each antigen by the average cpm average of control (media). 
5 The results shown in Table II indicate that Tcells are proliferating in response to the p97 protein antigen. 
In orderto ascertain whether helper cells were also stimulated by the recombinant virus in spleen cells 
from immunized mice, the cells were stimulated in vitro and the supernatants assayed for production of 
interieukin-2 (IL-2), a helper T cetl factor. Spleen cells were cultured from mice i mmunized twice previously 
with recombinant Vp97a-NY vaccinia or parental vaccinia. 10 s cells were incubated for 48 hours in 0.2 ml of 

10 medium identical to that used for proliferation assays, in 96-well round bottom plates, in the presence or 
absence of the stimulation antigen. Supernatants were collected, pooled from four wells, and frozen prior to 
IL-2 assay. The IL-2 assay utilized 1 0 A previously IL-2 starved mouse T cell line CTLL cells incubated in each 
well with varying dilutions of assay supernatant with Click's Medium, in triplicate. A standard curve was 
constructed with recombinant IL-2 obtained from Genentech, CA. CTLL cells were pulse-labeled withthymid- 

15 ine according to the usual proliferation assay technique in the last six hours of 24 hour incubation, then 
harvested and counted as described for the proliferation assay methods. The results shown in Table 111 indi- 
cate that IL-2 production from spleen cells of mice immunized with recombinant p97 vaccinia virus is stimula- 
ted//? vitro by p97. 

20 Table ill 

Stimulation of IL-2 production by p97 immune spleen cells 
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25 Vaccination 

Immunogen In Vitro Stimulus Units IL-2 Produced 

Vp97a-NY p97 Protein 4.4 

(20ug'ml) 

Vp97a-NY Medium 0.25 

30 Vwt-NY p97 Protein 0.25 t >*J 

(20ug/ml| 

Vwt-NY Medium 0-25 

tn addition a delayed type hypersensitivity response was measured using the foot-pad swelling assay in 
35 Vp97a-NY inoculated mice. Five mice (C3H,Hen strain) per group were inoculated by tail scarification with 35 
recombinant or parental strain vaccinia virus. Six days later, the hind paws of each mouse were challenged 
byinoculationof20utPBSor20ulcellsinPBS(5xl0 5 cellspermouse).Thefootpadsweremeasured24 . . 

hours later in a double blind manner, using a Fowler micrometer. The foot pad thickness of the PBS-injected 
foot pad was substracted from the measured thickness of the experimental foot from each mouse, and 
40 means as well asstandard deviationsof the incremental foot pad swelling were calculated. The results 40 
shown in Table IV show the induction of p97-specific delayed type hypersensitiv.ty response in mouse im- 
munized with recombinant p97 vaccinia virus. 
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Table IV 

Antigen-specific footpad swelling in p97 immune mice 
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. Vaccination Footpad Swelling 

50 Immunogen Challenging Antigen J™S?*,l 0 ! 

Vp97a-NY p97-transfected syngeneic 40.3 6.8) 

tumor cells 

Vp97a-NY parental syngeneic 3.0(+/-2.8) 

tumor cells 

55 Vwt-NY p97-transfected syngeneic 1.5(+/-2.3) 55 

tumorcells 

Vwt-NY parentat syngeneic , 5.5(+/-5.0) 

tumorcells 

60 7 4 Protection and therapy with p97 vaccinia virus in a murine tumor model 60 
In order to assess vaccination efficacy, mice were vaccinated with various protocols using the recombinant 
p97 vaccinia vi rus of the invention and then challenged with a p97-transfected syngeneic tumor cell 
(M2SVp97a 2E) To this end, mice were immunized with Vp97a-NY recombinant live vaccinia virus orthe 
parental strain (Vwt-NY) by tail scarification; or with 100 ug purified p97 protein or 5 x 10 6 irradiated M2- 

65 K1735tum'orcellsintraperitoneallyincompleteFreund'sadjuvant.AnintravenoustumorcellchaHengewas 65 
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19. Thevirus according to daim 18 comprising a lambda phage. 

20. A subunit vaccine formulation in which the immunogen comprises an effective dose of the peptide or 
protein of clai m 1 or 2 mixed with a pharmaceutical carrier. 

21. A subunit vaccine formulation in wh ich the immunogen comprises an effective dose of the peptide or 
5 protein of claim 3 mixed with a pharmaceutical carrier. ^ 

22. A subunit vaccine formulation in which the im munogen comprises an effective dose of the peptide or 
protein of claim 4 mixed with a pharmaceutical carrier. 

23. A subunit vaccine formulation in which the immunogen comprises an effective dose of the peptide or 

protein of claim 5 mixed with a pharmaceutical carrier. 
10 24. Asubunitvaccineformulationinwhichtheimmunogencomprisesaneffectivedoseofthepeptideor 10 „ 

protein ofclaim 6 mixed with a pharmaceutical carrier. j 

25. A subunit vaccine formulation in which the immunogen comprises an effective dose of the peptide or <j. 
protein ofclaim 7 mixed with a pharmaceutical carrier. * 

26. A subunit vaccine formulation in which the immunogen comprises an effective dose of the peptide or 
15 protein ofclaim 8 mixed with a pharmaceutical carrier. 

27. A subunit vaccine formulation in which the immunogen comprises an effective dose of the peptide or 
protein ofclaim 9 mixed with a pharmaceutical carrier. 

28. Alivevirusvaccineformulationcomprisingtherecombinantvirusofclaim10or11inwhichthevirus 

is infectious without causing disease in a host to be vaccinated. 
20 29. The live virus vaccine formulation of claim 28 in which the recombinant virus comprises an enveloped 20 

virus. .... 
30 The live virus vaccine formulation ofclaim 29 in which the enveloped virus comprises a vaccinia virus. 
31. The live virus vaccine formulation ofclaim 28 in which the recombinant virus comprises a naked 

25 V, 32.* The live virus vaccine formulation of claim31 in which the naked virus comprises an adenovirus. 25 

33. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 
claim 10 or 11 in a non-infectious state mixed with a pharmaceutical carrier. 

34. An inactivated vi rus vaccine formu lation comprising an effective dose of the recombinant virus of 

claim 12 in a non-infectious state mixed with a pharmaceutical carrier. on 
30 35. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 30 
claim 13 in a non-infectious state mixed with a pharmaceutical carrier. 

36. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 
claim 14 in a non-infectious state mixed with a pharmaceutical carrier. 

37. An inactivated virus vaccine formulation comprising an effective- dose of the recombinant virus of 

35 claim 15 in a non-infectious state mixed with a pharmaceutical carrier. 35. 

38. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 
claim 16 in a non-infectious state mixed with a pharmaceutical carrier. 

39. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 
claim 1 7 in a non-infectious state mixed with a pharmaceutical carrier. 

40 40. An inactivated virus vaccine formulation comprising an effective dose of the recombinant virus of 40 - 

claim 18 or 19 in a non-infectious state mixed with a pharmaceutical carrier. . J 

41. A recombinant DNA vector comprising p97b. 

42. A unicellular organism containing the recombinant DNA vector of claim 41. 
43 A bacterium containing the recombinant DNA vector of claim 41. 

45 44!* A bacterium ofclaim 43 comprising Escherichia coli as deposited with the ATCC and assigned acces- 45 
sion number 53403, or a mutant, recombinant or genetically engineered derivative thereof . 
45. A recombinant DNA vector comprising pMTp97b. • 
46 A cell line containing the recombinant DNA vector of claim 45. j 
47! The cell tine of claim 45 comprising TKMp97-1 2 as deposited with the ATCC and assigned accession , 

50 number CRL 8985 or a mutant, recombinant or genetically engineered derivative thereof. 50 J 

48. A recombinant DNA vector comprising pSVp97a. 
49 A cell line containing the recombinant DNA vector of ciaim48. 

50! The cell line of claim 49 comprising B1 6SVp97a.1 4 as deposited with the ATCC and assigned acces- 
sion number CRL 9304 or a mutant, recombinant or genetically engineered derivative thereof. ■ ■ ■ 
55 51. Thevirusaccordingtoclaim13comprisingvirusVp97a-NYasdepositedwiththeATCCandassigned 55 
accession number VR 2159, or a mutant, recombinant or genetically engineered derivative thereof. 
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£ coh Strains Piasmid Accession Number* 

E.coliHB101 p97b 53,403 

5 '5 
The following recombinant vaccinia virus has been deposited with the ATCC, Rockvitle, M D, and has been 
assigned the following accession number: 

10 Virus Accession Number* 10 

Vp97a-NY VR2159 

The following cell lines carrying the listed plasmids have been deposited with the ATCC, Rockville, MD, and 
have been assigned the following accession numbers: 
15 15 
Cell Line Ptasmid Accession Number 

TKMp97-12 PMTp97b CRL8985 C 

(Mouse cell) 

B16SVp97a.14 pSVp97a CRL9304 d 

20 (mouse melanoma 20 
cell) 

The present invention is not to be limited in scope by the microorganisms and eel Is deposited since the 
deposited embodiment is intended as single illustration of one aspect of the invention and any mic- 
25 roorganisms or cells which a re functionally equiva lent are with in the scope of this invention. Indeed, various 25. 
modifications of the invention in addition to those shown and described herein will become apparent to 
those skilled in the art from the foregoing description and accompanying drawings. Such modifications are 
intended to fall within the scope of the appended claims. 

It is also to be understood that all base pair sizes given for nucleotides are approximate arid are used for 
30 purpose of description. 30 

a Deposit date: 27 December 1985 

b Deposit date: 6 January 1987. 

c Deposit date: 27 December 1985 

d Deposit date: 6 January 1987. 
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A substantially pure antigenic peptide or protein related to the melanoma-associated p97 antigen. 
The peptide or protein according to claim 1 having an amino acid sequence comprising the amino acid 
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CLAIMS 
1. 

2. - 

40 sequence substantially as depicted in Figure 3 or any antigenic portion thereof. 40 
u. 3. The peptide or protein of claim 1 or 2 which the peptide or protein was purified from a cultured cell, 
containing a nucleotide sequence encoding the peptide or protein which is under the control of a second 
nucleotide sequence that regulates gene expression so that the peptide or protein is expressed by the cultu- 
red cell. 

45 4. The peptide or protein of claim 3 in which the cultured cell comprises a microorganism. 45 
• 5. The peptide or protein of claim 4 in which the microorganism comprises a bacteria. 

6. The peptide or protein of claim 4 in which the microorganism comprises yeast. 

7. The peptide or protein of claim 3 in which the cultured cell comprises an animal cell line. 
8^ The peptide or protein of claim 3 in which the cultured cell comprises an insect cell line. 

50 9! The peptide or protein of claim 1 or 2 in which the peptide or protein was chemically synthesized. ' 50 
10. A recombinant virus, the genome of which comprises a nucleotide sequence encoding an antigenic 
peptide or protein related to the melanoma-associated p97 antigen, or an antigenic portion thereof which is 
under the control of a second nucleotide sequence that regulates gene expression so that a peptide or protein 
related to the melanoma associated p97 antigen is expressed in a host infected with the virus. 
55 11. The recombinant virus according to claim 10 in which the nucleotide sequence encoding an antigenic 55 
peptide or protein related to the melanoma-associated p97 antigen comprises the nucleotide sequence sub- 
stantially as depicted in Figure 3 or any portion thereof encoding an antigenic peptide or protein. 
12. The virus according to claim 10 or 11 comprising an enveloped virus. 
1 3! The virus according to claim 1 2 comprising a vaccinia virus. 
60 14. The virus according to claim 10 or 11 comprising a naked virus. 60 
15. The virus according to claim 14 comprising an adenovirus. 
16! The virus according to claim 1 0 or 1 1 comprising a nuclear polyhedrosts virus. 

17. Thevirusaccordingtoclaim16comprisingabaculovirus. 

18. The virus according to claim lOor 11 comprising a bacteriphoage. 



